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INSTANTANEOUS ELECTRONIC BALLAST FOR METAL HALIDE LAMP 
^ HAVING STATE TRANSITION CIRCUIT 



5 Technical Field 

The present invention relates to an electronic ballast 
for a metal halide lamp, and more particularly, to an 
instantaneous electronic ballast for a metal halide lamp 
10 which allows instantaneous lightening of the lamp, by 
supplying a state transition current that shifts the 
internal state of the lamp from a glow discharge state to 
an arc discharge state through an additional circuit when 
the metal halide lamp is initially turned on. 

15 

Background Art 

In general, a metal halide lamp is a high pressure 
mercury discharge lamp containing a halogen compound. This 

20 lamp has a low mercury steam pressure before it is turned 
on. After the lamp is turned on, however, the mercury steam 
pressure is increased as temperature is increased within 
the lamp. If the mercury steam pressure reaches a normal 
state, the lamp has better properties in optical efficiency 

25 than a low pressure mercury discharge lamp. 

The metal halide lamp has better optical properties 
than the low pressure discharge lamp, i.e., a high pressure 
sodium lamp (HPS) being a high pressure discharge lamp as 
well as a fluorescent lamp and a low pressure sodium lamp. 

30 In other words, major properties of the lamp are the 
general color rendering index representing the degree of 
color reproduction fidelity of a subject and luminous 
efficiency (Im/W) representing the correlation between the 
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brightness and economy. From FIG. 1, it can be seen that 
the metal halide lamp has better optical properties than 
the fluorescent lamp r the low pressure sodium lamp and the 
high pressure sodium lamp (HPS) . In view of the above, the 
5 use of the metal halide lamp is increased. 

As above, the metal halide lamp having the good 
optical properties is turned on through the following 
operational phases. In other words, as shown in FIG. 2, the 
metal halide lamp is lightened through a breakdown phase 
10 where discharge is started, a glow discharge phase by 
collision of ions and an arc discharge phase by emission of 
hot electrons. 

In other words, if the lamp voltage is continuously 
applied to both ends of the electrode in the metal halide 

15 lamp until the initial discharge voltage that breaks down a 
gas insulating status within the voltage is applied to both 
ends of the electrode, discharge is broken down. At this 
time, if a sufficient current is applied, the discharge 
uniformly occurs over the entire portion of the cathode 

20 electrode and the glow discharge phase where sonorous light 
is emitted is entered. In this period, the voltage between 
both ends of the lamp electrode is constantly kept for a 
given time regardless of variation in the current. 

Thereafter, if more current is supplied, ionization 

25 within the lamp is further accelerated, which begins to 
heat the cathode. If the cathode's temperature reaches a 
given level, the cathode enters the hot electron discharge 
phase to reach the arc discharge phase where bright light 
is emitted. 

30 FIG. 3 is a circuit diagram illustrating the 

construction of a conventional electronic ballast for 
lightening the metal halide lamp operated as above. A 
reference numeral 1 indicates an AC power. A rectifier 2 



for converting the AC power into the DC power is connected 
between the output terminals of the AC power supply 1. A 
power converter 3 for switching the DC power outputted from 
the rectifier 2 to generate a voltage having a given 
5 frequency, is connected between the output terminals of the 
rectifier 2. 

A metal halide lamp 4 is connected between the output 
terminals of the power converter 3- Further , there are 
provided a current sensor 5 for sensing a normal current 

10 and a state transition current, which are supplied to the 
metal halide lamp 4 (current to keep a lightening state of 
the lamp) , and a power converter controller 6 for 
controlling the power converter 3 depending on the normal 
current or the state transition current sensed through the 

15 current sensor 5. 

If the rectifier 2 of the electronic ballast 
constructed above converts the AC power into the DC power, 
the power converter 3 supplies the state transition current 
to the metal halide lamp 4. At this time, the supplied 

20 state transition current is sensed by the current sensor 5 
of the power converter 3 and is then transmitted to the 
power converter controller 6. 

As the metal halide lamp 4 has a state where the 
current does not flow into the lamp 4 before it is 

25 discharged, it looks like that the metal halide lamp 4 
being a load is not connected, from the viewpoint of the 
power converter 3. If the metal halide lamp 4 is discharged, 
however, it becomes a discharge state and has a state where 
the current can flow into the lamp 4 being the load. At 

30 this time, the power converter 3 supplies the state 
transition current and the normal current to the metal 
halide lamp 4 being the load at the same time. Next, the 
two currents supplied by the power converter 3 are detected 
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by the current sensor 5/ which are then used as current 
control information of the power converter 3. 

In the conventional electronic ballast for the metal 
halide lamp, the current profile for state transition when 
5 the lamp is initially lightened could not be adequately 
controlled. Therefore, there is a problem that 
instantaneous lightening of the metal halide lamp is 
difficult. 

In other words, if the glow discharge state lasts for 
10 a long time, there is a problem that the life of the metal 
halide lamp is shortened, etc. For this reason, rapid 
transition from the glow discharge phase to the arc 
discharge phase is required. Due to this, the conventional 
electronic ballast has problems that instantaneous 
15 lightening of the metal halide lamp is difficult, and a 
problem that the life of the lamp is shortened cannot be 
overcome. 

Disclosure of Invention 

Accordingly, the present invention has been made in 
view of the above problems, and it is an object of the 
present invention is to provide an instantaneous electronic 
ballast for a metal halide lamp, which allows instantaneous 
lightening of the lamp and can extend the life of the lamp, 
by supplying a state transition current through a state 
transition circuit capable of controlling the current 
profile of the state transition current that shifts the 
internal state of the lamp from a glow discharge state to 
an arc discharge state when the metal halide lamp is 
initially lightened. 

To achieve the above objects, according to the present 
invention, there is provided an electronic ballast for a 
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metal halide lamp having a power converter for switching 
the output voltage of a rectifier that converts an AC power 
into a DC power to generate a voltage having a given 
frequency within a high frequency region, thus driving the 
5 metal halide lamp, a current sensor for sensing the current 
to be used as current control information of the power 
converter, and a power converter controller for controlling 
the power converter in response to the sensed signal of the 
current sensor, including a state transition circuit having 

10 a first capacitor, a first resistor and a first inductor 
that are sequentially serially connected between the output 
terminals of the power converter and the input terminals of 
the metal halide lamp, for supplying a state transition 
current necessary to shift the metal halide lamp from the 

15 glow discharge phase to the arc discharge phase. 

Further, the current sensor may be installed at the 
front of the state transition circuit to sense only a 
normal current being a current for keeping a lightening 
state of the lamp, which is applied from the power 

20 converter to the metal halide lamp. 

In another aspect of the present invention, there is 
provided an instantaneous electronic ballast for a metal 
halide lamp having a power converter for switching the 
output voltage of a rectifier that converts an AC power 

25 into a DC power to generate a voltage having a given 
frequency within a high frequency region, thus driving the 
metal halide lamp, a current sensor for sensing the current 
to be used as current control information of the power 
converter, and a power converter controller for controlling 

30 the power converter in response to the sensed signal of the 
current sensor, including a state transition circuit having 
a second capacitor, second and third resistors that are 
connected in parallel, and a second inductor, all of which 
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are sequentially serially connected between the output 
terminals of the power converter and the input terminal of 
the metal halide lamp, for supplying a state transition 
current necessary to shift the metal halide lamp from a 
5 glow discharge phase to an arc discharge phase. 

In the above, the time constant of the second resistor 
through which a charge current flows from the power 
converter to the second capacitor may be set significantly 
higher than that of the third resistor through which a 

10 discharge current flows from the second capacitor to the 
metal halide lamp. 

Further, the instantaneous electronic ballast for the 
metal halide lamp may further include second and third 
diodes for preventing backward voltages, which are serially 

15 connected on the input terminal' side of the second 
resistor through which a charge current flows from the 
power converter to the second capacitor, and the output 
terminal' side of the third resistor through which a 
discharge current flows from the second capacitor to the 

20 metal halide lamp, respectively. 

Furthermore, the current sensor may be installed at 
the front of the state transition circuit to sense only the 
normal current being the current for keeping the lightening 
state of the lamp that is applied from the power converter 

25 to the metal halide lamp. 

Brief Description of 'the Drawings 

Further objects and advantages of the invention can be 
30 more fully understood from the following detailed 
description taken in conjunction with the accompanying 
drawings in which: 

FIG. 1 is a graph illustrating optical properties of a 
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conventional lamp, 

FIG. 2 is a graph illustrating phases in which an 
electronic ballast for a common metal halide lamp is 
lightened, 

5 FIG. 3 is a circuit diagram illustrating the operation 

of the electronic ballast for a conventional metal halide 
lamp, 

FIG. 4 is a circuit diagram illustrating the 
construction of an electronic ballast according to a first 
10 embodiment of the present invention, 

FIG. 5 is a circuit diagram illustrating the 
construction of an electronic ballast according to a second 
embodiment of the present invention, and 

FIG. 6 is a circuit diagram illustrating the 
15 construction of an electronic ballast according to a third 
embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

20 The present invention will now be described in detail 

in connection with preferred embodiments with reference to 
the accompanying drawings . 

FIG. 4 - FIG. 6 are circuit diagrams illustrating the 
constructions of instantaneous electronic ballasts for 
25 metal halide lamps according to several embodiments of the 
present invention, in which like reference numerals are 
used to identify the same or similar parts. 

FIG. 4 is the circuit diagram illustrating the 
construction of the instantaneous electronic ballast for 
30 the metal halide lamp according to the first embodiment of 
the present invention. 

A rectifier 2 for converting the AC power into the DC 
power is connected between the output terminals of an AC 



power supply 1 . A power converter 3 for switching the DC 
power of the rectifier 2 to generate a voltage having a 
given frequency within a high frequency region is connected 
between the output terminals of the rectifier 2. 
5 Further, a state transition circuit 7 of the present 

invention for supplying a state transition current 
necessary to shift the lamp 4 from a glow discharge phase 
to an arc discharge phase, is connected between the output 
terminals of the power converter 3 and the input terminals 

10 of a metal halide lamp 4. The state transition circuit 7 
has a first capacitor CI, a first resistor Rl and a first 
inductor LI, which are sequentially serially connected. The 
profile of the state transition current of the metal halide 
lamp 4 can be adequately controlled by properly setting the 

15 time constants of the first capacitor CI, the first 
resistor Rl and the first inductor LI. 

In FIG. 4, an unexplained reference numeral 8 
indicates a full bridge inverter for inverting the polarity 
of the voltage applied to the metal halide lamp 4. 

20 The method of operating the instantaneous electronic 

ballast for the metal halide lamp constructed above will 
now be described. 

Before the metal halide lamp 4 is discharged, the 
first capacitor CI of the state transition circuit 7 is 

25 charged with a voltage same to the output voltage of the 
rectifier 2. If the metal halide lamp 4 being a load has a 
state where the current can flow into the lamp 4, however, 
the voltage at both ends of the metal halide lamp becomes 
significantly lower than the charge voltage of the first 

30 capacitor CI. Therefore, as the voltage of the first 
capacitor CI is higher than the voltage at both ends of the 
metal halide lamp 4 being the load, the voltage charged 
into the first capacitor CI is discharged toward the metal 
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halide lamp 4. 

At this time, the current that is provided to the 
metal halide lamp 4 by the first capacitor CI serves as the 
state transition current. The profile of the current that 
5 is applied to the metal halide lamp 4 by the first 
capacitor CI is varied depending on the time constants of 
the first capacitor CI, the first resistor Rl and the first 
inductor LI. Therefore, the profile of the state transition 
current can be controlled to be suitable for instantaneous 

10 lightening of the metal halide lamp 4 by properly adjusting 
the time constant values. 

As above, if the metal halide lamp 4 enters the arc 
discharge phase where a bright light is emitted due to the 
application of the state transition current, the normal 

15 current for keeping the lightening state of the metal 
halide lamp 4 is supplied to the metal halide lamp 4 via 
the power converter 3. Thus, the lamp 4 maintains the 
lightening state. 

Meanwhile, a current sensor 5 may be installed at the 

20 front and rear of the state transition circuit 7. If the 
current sensor 5 is installed at the front of the state 
transition circuit 7, only the normal current applied to 
the metal halide lamp 4 is sensed by the current sensor 5. 
The sensed normal current is used as current control 

25 information of the power converter 3. 

On the contrary, if the current sensor 5 is installed 
at the rear of the state transition circuit 7, both the 
state transition current and the normal current applied to 
the metal halide lamp 4 are sensed by the current sensor 5. 

30 According to experimental results, however, it was found 
that the case where the current sensor 5 is installed at 
the front of the state transition circuit 7 improves the 
efficiency of the ballast. 
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FIG. 5 is the circuit diagram illustrating the 
construction of the instantaneous electronic ballast for 
the metal halide lamp according to the second embodiment of 
the present invention. The instantaneous electronic ballast 
5 shown in FIG. 5 has the same construction to those shown in 
FIG. 4 except for the construction of the state transition 
circuit installed between the output terminals of the power 
converter 3 and the input terminals of the metal halide 
lamp 4. Therefore, detailed explanation on it will be 

10 omitted in order to avoid redundancy. 

As shown in FIG. 5, the state transition circuit has a 
second capacitor C2, second and third resistors R2 and R3 
that connected in parallel, and a second inductor L2, all 
of which are sequentially serially connected. The time 

15 constant of the second resistor R2 through which a charge 
current flows from the power converter 3 to the second 
capacitor C2 f is set significantly higher than the time 
constant of the third resistor R3 through which a discharge 
current flows from the second capacitor C2 to the metal 

20 halide lamp 4. A first diode Dl for preventing the backward 
voltage is serially connected to the output terminal of the 
third resistor R3. 

Accordingly, if the second capacitor C2 is charged 
with the voltage, the charge current flows from the power 

25 converter 3 to the second capacitor C2 through the second 
resistor R2 . If the metal halide lamp 4 is discharged, the 
voltage charged into the second capacitor C2 is higher than 
the voltage at both ends of the lamp being the load. Thus, 
the voltage charged into the second capacitor C2 is 

30 discharged toward the lamp 4 through the second and third 
resistors R2 and R3. At this time, as the time constant of 
the second resistor R2 is significantly higher than the 
time constant of the third resistor R3, most of the 



discharge currents discharged from the second capacitor C2 
are applied to the metal halide lamp 4 being the load 
through the third resistor R3, whereby the state of the 
metal halide lamp 4 is shifted. 
5 FIG. 6 is the circuit diagram illustrating the 

construction of the instantaneous electronic ballast for 
the metal halide lamp according to the third embodiment of 
the present invention. The instantaneous electronic ballast 
shown in FIG. 6 has the same construction to those shown in 

10 FIGS. 4 except for the construction of the state transition 
circuit installed between the output terminals of the power 
converter 3 and the input terminals of the metal halide 
lamp 4. Therefore, detailed explanation on it will be 
omitted in order to avoid redundancy. 

15 As shown in FIG. 6, a state transition circuit has a 

third capacitor C3, fourth and fifth resistors R4 and R5 
that are connected in parallel, and a third inductor L3, 
all of which are sequentially serially connected. Second 
and third diodes D2 and D3 for preventing backward voltages 

20 are serially connected on the input terminal' side of the 
fourth resistor R4 through which the charge current flows 
from the power converter 3 to the third capacitor C3, and 
the output terminal' side of the fifth resistor R5 through 
which the discharge current flows from the third capacitor 

25 C3 to the metal halide lamp 4, respectively. 

Accordingly, if the third capacitor C3 is charged with 
the voltage, the charge current flows from the power 
converter 3 to the third capacitor C3 through the second 
diode D2 and the fourth resistor R4 . If the metal halide 

30 lamp 4 is discharged, however, the voltage charged into the 
third capacitor C3 is higher than the voltage at both ends 
of the lamp being a load. Therefore, the voltage charged 
into the third capacitor C3 is supplied to the metal halide 
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lamp 4 being the load through the fifth resistor R5 and the 
third diode D3, whereby the state of the metal halide lamp 
4 is shifted. 

5 Industrial Applicability 

As described above, according to the present invention, 
the present invention includes an additional state 
transition circuit for supplying a state transition current 

10 that shifts an internal state of a metal halide lamp from a 
glow discharge state to an arc discharge state when the 
lamp is initially lightened- A normal current for 
maintaining a lightening state of the metal halide lamp is 
applied through the power converter, and only a state 

15 transition current necessary for state transition is 
applied through the state transition circuit. At this time, 
the current profile of the state transition current can be 
controlled by adequately setting the time constant of the 
state transition circuit. Therefore, the present invention 

20 has new effects that it allows instantaneous lightening of 
the metal halide lamp and can improve the life of the lamp. 

While the present invention has been described with 
reference to the particular illustrative embodiments, it is 
not to be restricted by the embodiments but only by the 

25 appended claims. It is to be appreciated that those skilled 
in the art can change or modify the embodiments without 
departing from the scope and spirit of the present 
invention. 
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